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(57) ABSTRACT

A ndge-waveguide semiconductor laser diode with an
improved current injection structure 1s provided. The rndge-
waveguide semiconductor laser diode includes: a substrate; a
lower multi-semiconductor layer formed on the substrate; an
active layer formed on the lower multi-semiconductor layer;
an upper multi-semiconductor layer having a ridge portion
and formed on the active layer; and an upper electrode formed
on the upper multi-semiconductor layer, wherein the upper
clectrode covers at least one side surface of the ridge portion.
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FIG. 3
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RIDGE-WAVEGUIDE SEMICONDUCTOR
LASER DIODE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims the benefit of Korean Patent Appli-

cation No. 10-2006-0012602, filed on Feb. 9, 2006, in the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n 1ts entirety by reference.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present disclosure relates to a ridge-waveguide semi-
conductor laser diode (LD), and more particularly, to a ridge-
waveguide semiconductor LD configured such that a current
1s laterally injected through side surfaces of a nidge portion.

2. Description of the Related Art

Semiconductor laser diodes (LDs) are widely used for
transmitting, recording, and reading data in communication
devices, such as optical communication devices, or 1n elec-
tronic devices, such as compact disk players (CDPs) or digital

video disk players (DVDPs).

As the use of the semiconductor L.Ds has increased, semi-
conductor LDs having a low critical current value and a ridge
portion that suppresses multiple transverse mode oscillation
have been developed. The ridge portion 1s formed by
upwardly protruding a p-type cladding layer and a p-type
contact layer, and a current (holes) 1s vertically injected down
into the ridge portion. However, the vertical current injection
has a drawback 1n that high power 1s consumed and heat 1s
generated due to the high resistance of a region doped with an
impurity, such as magnesium (Mg), when the current (holes)
passes through p-type semiconductor layers including the p
type cladding layer and a p-type waveguide layer.

SUMMARY OF THE DISCLOSUR.

(L]

The present mmvention may provide a ridge-waveguide
semiconductor laser diode with an improved current injection
structure.

According to an aspect of the present invention, there may
be provided a rnidge-waveguide semiconductor laser diode
comprising: a substrate; a lower multi-semiconductor layer
tormed on the substrate; an active layer formed on the lower
multi-semiconductor layer; an upper multi-semiconductor
layer having a ridge portion and formed on the active layer;
and an upper electrode formed on the upper multi-semicon-
ductor layer, wherein the upper electrode covers at least one
side surface of the ridge portion.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention are illustrated in detailed exemplary embodiments
thereol with reference to the attached drawings in which:

FI1G. 1 1s a cross-sectional view of a ridge-waveguide semi-
conductor laser diode (LD) according to an embodiment of
the present invention;

FIG. 2 1s a cross-sectional view illustrating a current injec-
tion structure of the ndge-waveguide semiconductor LD of
FIG. 1;

FIG. 3 1s a cross-sectional view of a conventional ridge-
waveguide semiconductor LD;

FIG. 4 1s a graph 1illustrating a relationship between an
operating voltage and an operating current for the conven-
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2

tional ridge-waveguide semiconductor LD of FIG. 3 and a
ridge-waveguide semiconductor LD according to an embodi-
ment of the present invention; and

FIGS. 5A and 5B are diagrams illustrating temperature
distributions of the two LDs whose operating currents and
voltages are illustrated in FIG. 4.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The present invention will now be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

FIG. 11s across-sectional view of a rndge-waveguide semi-

conductor laser diode (LLD) according to an embodiment of
the present invention.

Referring to FIG. 1, a lower multi-semiconductor layer 110
1s formed on a substrate 100. The lower multi-semiconductor
layer 110 includes a lower contact layer 120, a lower cladding
layer 130, and a lower waveguide layer 140. An active layer
150, an upper multi-semiconductor layer 160, an upper con-
tact layer 190, and an upper electrode 200 are sequentially
formed on one side of the lower contactlayer 120, and a lower
clectrode 210 1s formed on the other side of the lower contact

layer 120.

The upper multi-semiconductor layer 160 may be divided
into first through third regions R1, R2, and R3.

The first region R1 has a ridge portion 163 protruding in a
stripe shape from a central part of the upper multi-semicon-
ductor layer 160. The ridge portion 165 may protrude verti-
cally or may be inclined to have a trapezoidal cross-section.

r

The upper multi-semiconductor layer 160 includes an
upper waveguide layer 170 and an upper cladding layer 180.
A part of the upper waveguide layer 170 and the upper clad-
ding layer 180 are formed on the ridge portion 165.

An electron blocking layer 171 may be formed 1n the upper
waveguide layer 170. The energy level of the electron block-
ing layer 171 1s much higher than that of the upper waveguide
layer 170 such that the electron blocking layer 171 can pre-
vent electron overtlow.

A current spreading layer 175 may be embedded in the
upper waveguide layer 170. The current spreading layer 175
1s disposed on the ridge portion 165 on the upper waveguide
layer 170. The current spreading layer 175 allows an injected
current to spread over the entire surface thereof, such that the
current can be uniformly 1njected into the active layer 150.

The upper contact layer 190 and the upper electrode 200
cover at least one side surface 1635 of the ridge portion 165,
such that the current can be injected through the side surface
165b. In order to 1nject the current through an upper surface
165a of the ridge portion 165, the upper contact layer 190 and
the upper electrode 200 may also be formed to cover the upper
surface 165a of the ridge portion 165.

The second and third regions R2 and R3 are formed on
parts of the upper waveguide layer 170 outside the ridge
portion 165, and insulating layers 205 are formed on the
second and third regions R2 and R3. The insulating layers 205
cover both lateral edges of the current spreading layer 175.
The insulating layers 205 insulate the upper contact layer 190

from the upper waveguide layer 170 and the current spreading
layer 175.

The ndge-waveguide semiconductor LD of the present
embodiment may be a GaN-based semiconductor LD. In
detail, the ridge-waveguide semiconductor LD may be
formed as described hereaftter.
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The substrate 100 may be formed of sapphire (Al,O;),
gallium nitride (GaN), silicon (S1), aluminium nitride (AIN),
or silicon carbide (S1C).

The lower contact layer 120 may be formed of n-GaN. The
lower cladding layer 130 may be formed of n-Al Ga, N
(0=x<1). The lower waveguide layer 140 may be formed of
n-In Ga,_ N (0=x<1). The active layer 150 may be formed of
In Ga,_N (0O<x<1) and have a single-quantum well or multi-
quantum well structure. The upper waveguide layer 170 may
be formed of p-In,Ga, N (0=x<1). The electron blocking
layer 171 may be formed of a p-Al Ga, N (0<x<1) com-
pound semiconductor.

The current spreading layer 175 may have a hetero-junc-
tion structure of a p-GaN layer and a p-InGaN layer so that the
energy level of the current spreading layer 175 can be much
lower than the energy level of the upper waveguide layer 170.

The upper cladding layer 180 may be a single layer formed
of p-Al_Ga,_ N (0=x<1) or may have a superlattice structure
formed by alternately and repeatedly stacking p-Al Ga,_ N
(0=x<1) layers having different aluminum (Al) composition
rati0s. For example, the upper cladding layer 180 may have a
superlattice structure where a p-Al, ,.Ga, o.N layer and a
p-GaNlN layer are repeatedly stacked. The superlattice struc-
ture leads to a reduction in both carrier injection resistance
and the risk of cracks, and thus the upper cladding layer 180
can be stably crystal-grown and a high optical confinement
elfect can be maintained.

The upper contact layer 190 improves ohmic contact prop-
erties between the upper cladding layer 180 and the upper
clectrode 200, and may be formed by sequentially stacking
pT-GaN/Pd layers on an upper surface 180q and side surfaces
1806 of the upper cladding layer 180.

The upper electrode 200 may be made of a highly conduc-
tive metallic matenal, for example, a commonly used elec-
trode material. In detail, the upper electrode 200 may be a
single layer formed of Au, Ni, T1, or Al, or may be a double
layer of these matenals.

The insulating layers 205 may be formed of an insulting
material such as S10.,,.

The operation of the ridge-waveguide semiconductor LD
according to the present embodiment will now be explained
with reference to FIG. 2. FIG. 2 1s a cross-sectional view
illustrating a current injection structure of the ridge-
waveguide semiconductor LD of FIG. 1.

Referring to FI1G. 2, when a voltage 1s applied to the upper
clectrode 200, a current, that 1s, carriers are injected 1nto the
upper contact layer 190. When the layers formed onthe active
layer 150 are p-type layers as described above, the carriers
injected into the upper contact layer 190 are holes. Since the
upper electrode 200 and the upper contact layer 190 cover the
upper cladding layer 180, the carriers are injected through the
side surfaces 1805 as well as through the upper surface 180qa
of the upper cladding layer 180. When the current is injected
through the side surfaces 16556 of the ridge portion 165 as
shown 1n FIG. 2, a path through which the carriers pass in the
p-type upper cladding layer 180 with high resistance 1s short-
ened, thereby reducing the carrier injection resistance. Also,
the current path when the current 1s injected through the upper
surface 180a and the side surfaces 1805 has a larger area than
the current path when the current 1s injected through only the
upper surface 180a, thereby reducing resistance. As a result,
since the same power can be provided at a lower operating
voltage than that when a conventional ridge-waveguide semi-
conductor LD 1s used, the ridge-waveguide semiconductor
LD of the present embodiment 1s superior to the conventional
ridge-waveguide semiconductor LD 1n terms of the operating,

voltage and power. In addition, since the current mjected
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through the side surfaces 1805 spreads while passing through
the current spreading layer 175, the current 1s prevented from
flowing to a side.

Also, when the upper cladding layer 180 has a superlattice
structure formed by alternately stacking p-Al Ga,_ N (0=x1)
layers having different Al composition ratios, the carriers
pass through the upper cladding layer 180 by tunneling or
carrier overtlow, thereby further reducing the injection resis-
tance.

Moreover, since the upper electrode 200 made of a metallic
material with high thermal conductivity covers both the side
surfaces 1805 as well as the upper surface 180a of the upper
cladding layer 180, the ridge-waveguide semiconductor LD
ol the present embodiment has high heat dissipation capabil-
ity.

Furthermore, the ndge-waveguide semiconductor LD of
the present embodiment can improve the electrical character-
istics of a long wavelength semiconductor LD. In general,
semiconductor LDs emitting a blue or green laser beam with
a long wavelength use a low temperature p-type semiconduc-
tor layer. The low temperature p-type semiconductor layer 1s
inferior 1n terms of electrical characteristics to a high tem-
perature p-type semiconductor layer 1n that the hole concen-
tration 1s low and resistance 1s high in the low temperature
p-type semiconductor. The rndge-waveguide semiconductor
LD of the present embodiment can improve the electrical
characteristics of the long-wavelength semiconductor LD
that uses the low temperature semiconductor layer, by
improving a current injection mechanism.

The effect of a nidge-waveguide semiconductor LD
according to an embodiment of the present mvention com-
pared to a conventional ridge-waveguide semiconductor LD
will be explained hereatter.

Conventional Ridge-waveguide Semiconductor LID

A conventional ndge-waveguide semiconductor LD hav-
ing a vertical current 1njection structure as shown 1n FIG. 3
was manuiactured. The conventional nndge-waveguide semi-
conductor LD was a III group nitride-based semiconductor
LD. An upper waveguide layer 270 was formed on an active
layer 250. An upper cladding layer 280 upwardly protruded
from a central part of the upper waveguide layer 270. The
upper cladding layer 280 constitutes a ridge portion. An upper
contact layer 290 and an upper electrode 300 were sequen-
tially stacked on an upper surface 280qa of the upper cladding
layer 280. Insulating layers 305 were formed on side surfaces
of the upper cladding layer 280 and upper surfaces of the
upper waveguide layer 270 outside the ridge portion. The
thickness D1 of the upper waveguide layer 270 outside the
ridge portion was approximately 500 A, and the thickness D2
of the insulating layers 305 was approximately 1500 A or
less.

Ridge-Waveguide Semiconductor LD of the Present
Embodiment

A ndge-waveguide semiconductor LD allowing both ver-
tical and lateral 1njection according to an embodiment of the
present invention as shown in FIG. 2 was manufactured. The
ridge-wavelength semiconductor LD of the present embodi-
ment was similar to the conventional ridge-waveguide semi-
conductor LD except that an upper contact layer 190 and an
upper electrode 200 were formed to cover side surfaces 16356

as well as an upper surface 16354 of an upper cladding layer
180, as shown 1n FIGS. 1 and 2.

The characteristics of the manufactured two LDs will now
be explained with reference to FI1G. 4 and FIGS. 5A and 5B.
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FIG. 4 1s a graph illustrating a relationship between an
operating voltage and an operating current for the conven-
tional ridge-waveguide semiconductor LD of FIG. 3 and a
ridge-waveguide semiconductor LD according to an embodi-
ment of the present mvention. Referring to FIG. 4, in the
conventional ridge-waveguide semiconductor LD, the oper-
ating voltage required to produce a current of 50 mA was 4.36
V, whereas 1n the nidge-waveguide semiconductor LD of the
present embodiment, the operating voltage required to pro-
duce a current of 50 mA was 4.03V, about 0.3 V lower than
4.36 V. That 1s, while the 1njection resistance of the conven-
tional ndge-waveguide semiconductor LD was 17.0 €2, the
injection resistance of the ridge-waveguide semiconductor
LD of the present embodiment was 15.5 £2.

FIGS. 5A and 5B are diagrams illustrating temperature
distributions of the conventional ridge-waveguide semicon-
ductor LD and the nndge-waveguide semiconductor LD of the
present embodiment, respectively. Referring to FIGS. SA and
5B, the temperature of the ridge-waveguide semiconductor
LD of the present embodiment was generally lower than the
temperature of the conventional ndge-waveguide semicon-
ductor LD. While the conventional ridge-waveguide semi-
conductor LD had a surface temperature of 130.47° C., the
ridge-waveguide semiconductor LD of the present embodi-
ment had a surface temperature of 117.93° C., about 10%
lower than 130.47° C. This 1s because the ridge-waveguide
semiconductor of the present embodiment reduces heat gen-
eration 1n the upper cladding layer due to the low 1njection
resistance of the upper cladding layer and can discharge heat
through the upper electrode made of metal formed on the side
surfaces of the upper cladding layer.

As described above, the ridge-waveguide semiconductor
LD according to the present mvention has the following
advantages.

First, since a current 1s injected through both the side
surfaces of the ridge portion, 1njection resistance can be
reduced and high operating voltage and power can be
achieved.

Second, since the upper electrode made of a metallic mate-
rial covers both the side surfaces of the ridge portion, efficient
heat dissipation can be ensured.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What 1s claimed 1s:

1. A ndge-waveguide semiconductor laser diode compris-
ng:

a substrate;

a lower multi-layered semiconductor formed on the sub-

strate;

an active layer formed on the lower multi-layered semicon-

ductor;

an upper multi-layered semiconductor having a multi-lay-

ered semiconductor ridge portion and formed on the
active layer, the ndge portion having an upper surface
substantially parallel to layers of the upper multi-layered
semiconductor and side surfaces transverse to the upper
surface of the ridge portion and the layers of the upper
multi-layered semiconductor, and the ridge portion
including an upper cladding layer;

an upper clectrode formed on the upper multi-layered

semiconductor; and

an upper contact layer formed between the upper electrode

and the upper cladding layer, the upper cladding layer
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6

including side surfaces respectively corresponding to
the side surfaces of the ridge portion, and an upper
surface within the ridge portion,

wherein the upper electrode covers at least one of the side
surfaces of the ridge portion transverse to the upper
surface of the ridge portion and the layers of the upper
multi-layered semiconductor, and 1s configured to inject
current through the at least one side surface of the ridge
portion, and

wherein the upper contact layer 1s formed between the
upper electrode and the side surfaces and the upper
surface of the upper cladding layer.

2. The ndge-waveguide semiconductor laser diode of
claim 1, wherein the upper electrode covers the at least one
side surface and the upper surtace of the ridge portion.

3. The nidge-waveguide semiconductor laser diode of
claam 1, wherein the upper multi-layered semiconductor
includes an upper waveguide layer, and the ridge portion
includes a part of the upper waveguide layer.

4. The nidge-waveguide semiconductor laser diode of
claim 3, wherein the upper cladding layer has a superlattice
structure formed by alternately and repeatedly stacking
Al Ga,_ N (0=x<l) layers having different aluminum (Al)
composition ratios.

5. The nidge-waveguide semiconductor laser diode of
claim 3, wherein current applied to the upper electrode 1s
injected through a plurality of side surfaces of the upper
cladding layer.

6. The ridge-waveguide semiconductor laser diode of
claim 1, further comprising a current spreading layer embed-
ded 1n the upper waveguide layer and formed 1n the ridge
portion.

7. The nidge-waveguide semiconductor laser diode of
claim 6, wherein the current spreading layer has a hetero-
junction structure of a p-GaN layer and a p-InGaN layer.

8. The nidge-waveguide semiconductor laser diode of
claim 6, further comprising insulating layers for msulating
the upper contact layer from the upper waveguide layer and
the current spreading layer.

9. The nidge-waveguide semiconductor laser diode of
claim 6, wherein current applied the upper electrode 1is
injected through a plurality of side surfaces of the upper
cladding layer, and the current spreading layer embedded 1n
the upper waveguide layer 1s configured to spread the injected
current across the sides of the upper cladding layer.

10. The ndge-waveguide semiconductor laser diode of
claim 1, wherein the lower multi-layered semiconductor 1s
formed of an n-type semiconductor, and the upper multi-
layered semiconductor 1s formed of a p-type semiconductor.

11. The ndge-waveguide semiconductor laser diode of
claim 1, wherein the lower multi-layered semiconductor, the
active layer, and the upper multi-layered semiconductor are
formed of GaN-based materials.

12. The ndge-waveguide semiconductor laser diode of
claim 1, wherein:

the upper multi-layered semiconductor includes an upper
cladding layer within the ridge portion;
the upper cladding layer includes side surfaces respectively

corresponding to the side surfaces of the ridge portion,
and an upper surface within the ridge portion; and

the upper electrode covers the side surfaces of the upper
cladding layer.

13. The ndge-waveguide semiconductor laser diode of
claim 12, wherein current applied to the upper electrode 1s
injected through the side surfaces of the upper cladding layer.
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14. The ndge-waveguide semiconductor laser diode of
claim 12, wherein the upper electrode further covers the upper
surface of the upper cladding layer.

15. The ndge-waveguide semiconductor laser diode of

claim 14, wherein current applied to the upper electrode 1s
injected through the side surfaces and the upper surface of the
upper cladding layer.

16. The ndge-waveguide semiconductor laser diode of

claim 14, further comprising an upper contact layer formed 10

between the upper electrode and the upper cladding layer.

17. The ndge-waveguide semiconductor laser diode of
claim 16, wherein the upper electrode covers side surfaces
and an upper surface of the upper contact layer respectively
covering the side surfaces and the upper surface of the upper
cladding layer.

8

18. The ndge-waveguide semiconductor laser diode of
claim 14, wherein the upper electrode covering the side sur-
faces and the upper surface of the upper cladding layer 1s
configured to dissipate heat from the side surfaces and the
upper surface of the upper cladding layer.

19. The ndge-waveguide semiconductor laser diode of
claim 1, wherein the ridge portion of the upper multi-layered
semiconductor protrudes from a central region of the upper
multi-layered semiconductor.

20. The ndge-waveguide semiconductor laser diode of
claim 1, wherein the ridge portion of the upper multi-layered
semiconductor 1s substantially rectangular.

21. The ndge-waveguide semiconductor laser diode of
claim 1, wherein the ridge portion has a trapezoidal cross-

15 section.
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